The coordination of word-recognition and oculomotor processes during reading was evaluated in eye-tracking experiments that examined how word skipping, where a word is not fixated during first-pass reading, is affected by the lexical status of a letter string in the parafovea and ease of recognizing that string. Ease of lexical recognition was manipulated through target-word frequency (Experiment 1) and through repetition priming between prime-target pairs embedded in a sentence (Experiment 2). Using the gaze-contingent boundary technique the target word appeared in the parafovea either with full preview or with transposed-letter (TL) preview. The TL preview strings were nonwords in Experiment 1 (e.g., bilnk created from the target blink), but were words in Experiment 2 (e.g., sacred created from the target scared). Experiment 1 showed greater skipping for high-frequency than low-frequency target words in the full preview condition, but not in the TL preview (nonword) condition. Experiment 2 showed greater skipping for target words that repeated an earlier prime word than for those that did not, with this repetition priming occurring both with preview of the full target and with preview of the target's TL neighbor word. However, time to progress from the word after the target was greater following skips of the TL preview word, whose meaning was anomalous in the sentence context, than following skips of the full preview word whose meaning fit sensibly into the sentence context. Together, the results support the idea that coordination between word-recognition and oculomotor processes occurs at the level of implicit lexical decisions.
Recognizing words so that their meanings can be retrieved is critical to successful reading comprehension. These lexical processes must be coordinated with other perceptual, motor, and attentive processes in order for eye movements during reading to be controlled efficiently. During reading, the eyes alternate between fixations (periods when the eyes are nearly stationary) and saccades (rapid ballistic movements); for skilled readers saccades typically occur four to five times per second, with most words receiving only a single first-pass fixation (Rayner, 1998) . Oculomotor processes, which are constrained by differential acuity across the retina and by the nature of ocular motor control, are major determinants of eye movements during reading. The contribution of these processes can be seen in how physical characteristics of text, such as the length of words, influence the pattern of fixations, and saccades. Language-based processes that relate to comprehension of the text also exert a strong influence on whenand occasionally where-the eyes move during reading. The contribution of these processes can be seen in how eye movements are influenced by nonphysical aspects of the text, such as word frequency or the predictability of a word in context. Very different explanations have been advanced for how oculomotor and language-based processes are coordinated. At one extreme, it is argued that language-based effects on eye movements lead to only slight modulation of a more basic oculomotor process that generates forward saccades of a standard length at a regular rhythm (McConkie, Kerr, Reddix, & Zola, 1988; O'Regan, 1990; Yang & McConkie, 2001) . At the other extreme it is argued that, whereas oculomotor processes determine most characteristics of the targeting of forward saccades, word recognition determines when saccades are initiated and in some instances their targeting (Morrison, 1984; Pollatsek, Reichle, & Rayner, 2006; Reichle, Pollatsek, Fisher, & Rayner, 1998) . Other models take more intermediate positions (Engbert, Nuthmann, Richter, & Kliegl, 2005; Reichle, Rayner, & Pollatsek, 2003) .
The phenomenon of skipping, where a word is not directly fixated during the first pass of the eyes over the text, has been central to the evaluation of these alternative models. Word length has a very strong effect on skipping, with short words skipped more frequently than long words (Kerr, 1992; Vitu, O'Regan, Inhoff, & Topolski, 1995 ; for a review see Brysbaert, Drieghe, & Vitu, 2005) . This effect can be readily understood as resulting from visual and motor processes. A short word to the right of the fixated word is seen more clearly than a long word, because it is more likely to fit within the fovea. Furthermore, having the eyes land on short words tends to require shorter saccades than having them land on long words, which increases the likelihood that short words will be skipped, because motor error in saccade targeting takes the form of overshoot for short saccades and undershoot for long saccades (McConkie, Kerr, & Dyre, 1994; McConkie et al., 1988) . Language-based factors also affect skipping, such that frequent and predictable words are more likely to be skipped than infrequent or unpredictable words (Ehrlich & Rayner, 1981; Rayner & Fisher, 1996; Rayner & Raney, 1996; Rayner & Well, 1996; Schilling, Rayner, & Chumbley, 1998; White, 2008) . Skipping effects are interesting in part because they are the only case where language factors related to word recognition affect the targeting of forward saccades rather than just their timing (Drieghe, Rayner, & Pollatsek, 2005) . As such, skipping has been an important arena for addressing the manner in which lexical processing is coordinated with processes of attention, vision, and motor control during reading.
Models of eye movement control that attribute only a small role to language-based processing relative to oculomotor processing account for language effects on skipping in a number of ways. For example, according to the extended optimal viewing position (EOVP) model, language-based skips are in essence an educated guess, based on factors such as word length and very partial word identification (Brysbaert & Vitu, 1998) . The main determinants of the decision to skip a word are the length of the word in the parafovea and the experience the system has built up with how often a word of a certain length at a certain distance can be skipped without hindering overall text comprehension. Consequently, that decision is made with very limited information about the identity of the skipped word. Models of eye-movement control that attribute a more substantial role to language-based (or cognitive) factors have gone through a number of iterations and refinements, but have retained a core set of mechanisms to account for language-based skipping as described by the EZ Reader model (Morrison, 1984; Reichle et al., 1998) . These models posit a serial-attention-shifting mechanism where words in the text are processed one at a time (though recognition of a word is achieved by matching the stimulus to multiple lexical and sublexical representations in parallel). Once the fixated word is recognized, attention shifts to processing parafoveal information about the next word. Attention shifts prior to movement of the eyes, because of limits on the rate at which saccades can be generated. In the majority of cases, the oculomotor system then executes a planned saccade, which has been targeted to the next word on the basis of a parallel process of visual analysis that locates word boundaries. The processing that occurs prior to fixation on that word provides a parafoveal-preview benefit that facilitates recognition-a spillover effect that can be observed in first-pass reading times (Henderson & Ferreira, 1990; Kennison & Clifton, 1995; White, Rayner, & Liversedge, 2005) . In a minority of cases, recognition of the word in the parafovea occurs quickly enough that the planned saccade to that word can be cancelled and a new saccade can be programmed to a more distant word resulting in a skip of the word in the parafovea. Thus, according to the EZ Reader model the ease of recognizing the current word affects both the amount of parafoveal-preview benefit on the next word and, together with the ease of recognizing the next word, determines whether that next word is skipped. A strong association between ease of word recognition, parafoveal preview benefit, and skipping has been found for word frequency and predictability (e.g., Drieghe et al., 2005; Rayner & Fisher, 1996) , though manipulations of the visual characteristics of text (Drieghe, 2008) and the phonological length of words (Fitzsimmons & Drieghe, 2011) have shown dissociations between these factors.
An essential feature of the serial-attention-shifting models is that the same mechanisms are used for recognizing words in the fovea and parafovea. In both cases, the initiation of saccadic processes is linked to processing words to a level where the words are highly likely to be fully recognized soon . Gordon, Plummer, and Choi (in press) tested this model by using repetition to manipulate the ease of recognizing a target word, while using the boundary technique (Rayner, 1975) to manipulate the information about that word available during parafoveal preview. The boundary technique is a gaze-contingent method where the stimulus word changes when the eyes cross an invisible boundary on the screen, thereby allowing manipulation of the relationship between parafoveal and foveal information about a word. In Gordon et al. the string in the parafovea could either be the target word itself (e.g., the name Herman) or a nonword created by transposing two internal letters of the target word (e.g., Hreman). When used as primes in masked-priming studies or as preview strings in eye-movement studies, such transposed letter (TL) nonwords produce substantial facilitation in the subsequent processing of the target word as compared to substituted letter (SL) nonwords that have the same number of letter-in-position differences with the target word (Johnson, Perea, & Rayner, 2007; Perea & Lupker, 2003a . However, when TL nonwords are directly fixated they disrupt reading (causing longer first-pass reading times and greater likelihood of refixation) because they are not words (Rayner, White, Johnson, & Liversedge, 2006; White, Johnson, Liversedge, & Rayner, 2008) . Gordon et al. found that facilitating lexical access through repetition increased skipping when the parafoveal preview string was the target word itself, but that repetition had no effect on skipping when the parafoveal preview string was a highly similar TL nonword. This pattern supports serial-attention-shifting models, such as EZ Reader, by showing that the letter string in the parafovea must be recognized as a word in order for lexical priming to increase skipping above the baseline rate that occurs due to oculomotor processes. Thus, it is not the case that contextual facilitation due to repetition priming constitutes a bias that combines with partial visual information from the periphery to increase skipping (see Engbert et al., 2005; Rayner, Slattery, Drieghe, & Liversedge, 2011 for advocacy of such a mechanism in the case of word predictability). The Gordon et al. findings are consistent with models of eye-movement control during reading where the key link between language-based and oculomotor processes is an implicit lexical decision about whether the letter string in the parafovea will be successfully recognized as a word.
Experiment 1
This experiment tests the hypothesis that language-based word skipping depends on an implicit decision that the letter string in parafoveal preview will be recognized as a word by seeing whether the increased skipping rate observed for high-frequency (HF) versus low-frequency (LF) words depends on the type of preview This document is copyrighted by the American Psychological Association or one of its allied publishers.
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(full vs. TL nonword) that readers have for that word. Skipping is produced both by oculomotor and language-based processes and therefore, overall skipping rates reflect a mixture of skips generated by oculomotor and language-based processes. The design of the study holds oculomotor factors constant by equating word length, so that any effect of the stimulus conditions should provide evidence about the nature of the mechanisms of languagebased skipping. If language-based skipping involves a decision that the letter string in parafoveal preview is likely to be recognized as a word (Gordon et al., in press; , then increased skipping due to lexical frequency should occur when readers have full preview of the parafoveal letter string, but it should not occur when the preview string is a TL nonword. Such a pattern would be consistent with models in which the initiation of forward saccades is based on an implicit decision that the letter string being processed will be successfully recognized as a word. Alternatively, if skipping is based on a partial word identification process, then increased skipping due to lexical frequency should not depend on preview type, because TL nonwords cause greater activation of their base word when that base word is high frequency, as compared with low frequency, a pattern that has been found both in masked-priming research on word recognition (O'Conner & Foster, 1981) and in neighborhood effects on eye movements during reading (Williams, Perea, Pollatsek, & Rayner, 2006) .
The experiment follows the general strategy of the Gordon et al. (in press) study, in that it examines whether the skipping rate for a TL nonword seen only in the parafovea is affected by the ease of recognizing the base word from which the TL nonword is generated. Extending this strategy to word frequency is important because research on language-based skipping has focused much more on word frequency than on word repetition Reichle et al., 2003) ; therefore, examination of how frequency affects on skipping are modulated by parafoveal information relates directly to the substantial body of empirical and theoretical work on how language and eye-movement control processes interact during reading. In addition, Gordon et al. manipulated within-sentence repetition using proper names. This was done because proper names can be placed in different sentence positions without the lexical-semantic constraints that affect the placement of content words. This allowed Gordon et al. to counterbalance fully the assignment of names to the repeated and new conditions, a level of control that would have been difficult to achieve when manipulating within-sentence repetition of content words. Whereas a variety of evidence suggests that proper names and content words are processed similarly (e.g., Hollis & Valentine, 2001 ), some evidence suggests differences (e.g., Moxey, Sanford, Stuart, & Morrow, 2004; Van Petten, Kutas, Kluender, Mitchiner, & McIsaac, 1991) , making it important to determine whether the ease of recognizing a content word affects skipping rate when it is used as a base word to generate a TL nonword in parafoveal preview.
Method
Participants. Twenty-eight undergraduates at the University of North Carolina at Chapel Hill participated for $10 or for course credit. All participants were native English speakers with normal or corrected-to-normal vision and were naïve about the goals of the experiment.
Materials and design. One hundred twenty words (five letters in length) were used as targets, with each embedded in a singleline sentence. Some target words were selected from Johnson et al. (2007) , and others from the CELEX corpus (Baayen, Piepenbrock, & Gulikers, 1995) . Sixty targets were high-frequency words (mean word frequency of 251 per million) and 60 were low-frequency words (mean word frequency of 2.72 per million). Orthographic familiarity of the target words was balanced by equating the average letter n-gram frequencies in the high-and low-targetword frequency conditions, as calculated by N-Watch (Davis, 2005) , using the default CELEX English word-form corpus (Baayen et al., 1995) . This was done because orthographic familiarity can influence lexical or sublexical processing of words during reading (Lima & Inhoff, 1985; Plummer & Rayner, 2012; White, 2008; White & Liversedge, 2004 , 2006a , 2006b ). Type and token frequency were assessed for letter bigrams and trigrams. The results of these orthographic analyses of the target words are shown in Table 1 . No significant differences were found between high-frequency and low-frequency target words on any n-gram measures (t Ͻ 1, p Ͼ .05 for all comparisons).
The preview strings for the TL condition were created by transposing the second and the third letter of each target word (e.g., huose as the preview of house), which in all cases resulted in a letter string that was not an English word. Analysis of these TL nonword preview strings showed that they were balanced in highand low-frequency base word conditions on two dimensions of similarity to real words that might plausibly affect their processing. The pronounceability of the initial three letters of the TL strings and of the entire TL string, as rated by two native English speakers, did not differ across the two conditions (pronounceability for the first three letters: 75% for TL nonwords with high-frequency base words vs. 68% for TL nonwords with low-frequency base words; pronounceability for the whole letter nonwords: 50% for TL nonwords with high-frequency base words vs. 61% for TL This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
nonwords with low-frequency base words). In addition their average number of orthographic neighbors, which might affect skipping rates (Pollatsek, Perea, & Binder, 1999) did not differ between TL nonwords in the two conditions as measured by N-Watch (Davis, 2005) , t Ͻ 1, p Ͼ .5. A measure of the predictability of the target words in context (corpus-based measures of transitional probability from the previous word) was obtained because predictability affects where and when the eyes move during reading (Calvo & Meseguer, 2002; Rayner & Well, 1996) . Following previous research (McDonald & Shillcock, 2003a; , transitional probability was calculated as the ratio of joint and marginal frequencies of the target word. Frequency information was obtained from the online version of The Corpus of Contemporary American English (COCA; released in 2008). COCA is a large, diverse corpus of American English which includes more than 385 million words produced from 1990 -2008 (20 million words each year), balanced between spoken language and written language of several genres: fiction, magazines, newspapers, and academic journals (Davies, 2008) . Table 2 shows average transitional probabilities for each frequency condition. There were no significant differences on any of these measures of transitional probability for high-frequency target words and low-frequency target words (p Ͼ .15).
The word in the context sentence that immediately preceded the target word was five to 11 letters long; length and word frequency were not significantly different across the two frequency conditions (ts Ͻ 1.2). Limiting the minimum length of the preceding word increases the likelihood that it is fixated, which in turn increases the likelihood that the target word is seen in the parafovea, and the frequency of the preceding word may influence the processing resources available for the target word in the parafovea (Henderson & Ferreira, 1990) .
Four counterbalanced lists were created, each containing 30 sentences with target words in each of the four conditions defined by the combination of base word frequency (high vs. low) and preview type (full vs. TL), as shown in 1a-1d. Equal numbers of participants were tested with each list.
After completion of the eye-tracking experiment, a separate group of 20 participants performed a modified Cloze test (Taylor, 1953) , where they were presented with the sentence context preceding the target word and were asked to write a natural-sounding completion of the sentence. This was done in order to provide an additional measure of contextual predictability of the target words beyond that provided by the corpus-based transitional probability measure. The results showed that five target words were predictable from preceding context (over 40%), so these items were excluded from statistical analyses of the eye-movement data from the main experiment. The mean predictability scores for the remaining target words was less than 5% and the difference between high-frequency (5.9%) and low-frequency (3.6%) condition was not statistically significant, t(118) ϭ 1.3, p Ͼ .19.
Procedure. Trials began with a fixation point presented near the left edge of the monitor and centered vertically. Upon subject's fixation of the point, the stimulus sentence appeared with its first word overwriting the fixation point. Participants were asked to read the sentence in a natural way and to press a button when finished. Then participants were presented with a true-false comprehension question about the content of the sentence.
An Eyelink 1000 model (SR Research, Ontario, Canada) was used to record eye movements from the reader's dominant eye at a sampling rate of 1000 Hz, with a headrest used to minimize head movement. Sentences were presented in black on a white background using a Courier mono-spaced font. They were displayed on a 21 in. ViewSonic G225f Monitor with resolution set to 1024 ϫ 768 and refresh rate set to 120 Hz. The distance between the participant and the display monitor was 61 cm; 3.8 characters subtended 1°of visual angle. An invisible boundary (Rayner, 1975) in the center of the space immediately before the target word was used to manipulate the preview condition (full vs. TL) of the target word. When the reader's eyes crossed the boundary a display change was triggered where the preview string was replaced with the target string.
Results
Analysis of eye movements. First-pass skipping rates on the target word were calculated as the proportion of trials in which the target word was not fixated at all or was only fixated after a subsequent word had been fixated. Reading-time measures were calculated after substituting outliers with durations less than 80 ms or greater than 700 ms with those boundaries.
1 First-pass fixations were those after the eyes fixated on a word until they moved off the word, given that they had not progressed beyond that word before the first fixation. Single-fixation duration (SFD) was the average of the duration of the initial, first-pass fixation on a word given that the word received only one first-pass fixation. First-fixation duration (FFD) was the average of the duration of the initial, first-pass fixation on a word regardless of whether there were subsequent first-pass fixations on the word. Gaze duration (GZD) was the average of the sum of the durations of all first-pass fixations on a word.
1 This method of handling outliers is consistent with our previous research (Gordon et al. in press; Gordon, Hendrick, Johnson, & Lee, 2006; Kwon, Lee, Gordon, Kluender, & Polinsky, 2010; Lee, Lee, & Gordon, 2007) . Different criteria have been used in other labs. For example, excluded fixations in cases where they were more than 2.5 standard deviations from the mean while Drieghe et al. (2005) eliminated outliers that were longer or shorter than the fixed-criterion (e.g. less than 100 ms, more than 1200 ms). The patterns of statistical significance in this experiment and the next did not depend on the specific criteria reported here. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
All trials in which the subject blinked during first-pass reading of the pretarget, target, or posttarget word were excluded from the analysis, as were all trials in which the display change occurred prior to the first saccade that crossed the invisible boundary. For the final analysis, 4.8% of trials were excluded by these criteria. Four of 28 subjects and two of 120 sentences that each lost more than 15% of data by these criteria were eliminated from further analyses. Together with the elimination of five sentences based on the sentence completion data, this meant that 24 subjects and 113 experimental sentences (54 high-frequency target words and 59 low-frequency target words) were included in the analyses.
Target-word skipping. Figure 1 shows the mean skipping rate for the target word as a function of preview type (full vs. TL) and target-word frequency (high vs. low). Four conditions were analyzed with a 2 (type of preview) by 2 (word frequency) analysis of variance (ANOVA). Skipping rates were greater for high-frequency than for low-frequency target words, F 1 (1, 23) 2 This pattern is consistent with the idea that language-based skipping involves an implicit decision that the letter string in parafoveal preview is likely to be recognized as a word, as claimed by serial-attention models of eye-movement control during reading (Reichle et al., 1998; , but not with models in which language-based skipping is based on an educated guess about word identification, as claimed by some parallel attention models (e.g., Brysbaert & Vitu, 1998, EOVP model) .
Reading time on word preceding target. Table 3 shows mean first-pass reading times on the word preceding the target word. There were no main effects or interactions of target-word frequency or preview type. The absence of such effects is consistent with the view that the processing of the currently fixated word is not influenced by the word in parafoveal preview (i.e., no parafoveal-on-foveal effects; Rayner, White, Kambe, Miller, & Liversedge, 2003; cf. Kennedy & Pynte, 2005) . In addition, SFDs on the word preceding the target were analyzed as a function of whether the target word was subsequently skipped. In the subject analysis, SFDs were slightly longer when the target word was subsequently skipped (230 ms), as compared with when it was subsequently fixated (224 ms), a difference that was not close to significant, F 1 (1, 23) ϭ 0.6, p ϭ .448. In the item analysis, this difference was larger (245 ms vs. 223 ms) and statistically significant, F 2 (1, 111) ϭ 4.24, p Ͻ .05.
3 This result provides very modest support for serial-attention-shift models (such as EZ Reader), in which longer fixations before skipping are the consequences of saccade cancelation and reprogramming (Reichle et al., 2003; cf. Kliegl & Engbert, 2005) . The absence of statistical significance is a challenge to serial-attention-shifting models, but 2 As a supplementary measure, restricted skipping rate was calculated after reclassifying as nonskips instances where the target word was skipped but there was an immediate regression back to that word. This pattern of movement is thought to represent motor programming error in the targeting of the saccade rather than skipping based on lexical processing . Skip reclassification affected 1.7% of the valid trials. Restricted skipping rates were greater for high-frequency than for low-frequency target words, F 1 (1, 23) ϭ 4.91, p Ͻ 0.05; F 2 (1, 111) ϭ 9.28, p Ͻ 0.05, and were also greater for full preview than for TL preview of the target word, F 1 (1, 23) ϭ 15.13, p Ͻ 0.05; F 2 (1, 111) ϭ 28.36, p Ͻ 0.05. The interaction of word frequency and preview type was significant by subjects and marginally significant by items, F 1 (1, 23) ϭ 6.56, p Ͻ 0.05, F 2 (1, 116) ϭ 3.78, p ϭ 0.054. Planned comparisons showed that in the full preview condition restricted skipping rates were elevated for high-frequency, as compared with low-frequency target (t 1 (23) ϭ 2.60, p Ͻ 0.05; t 2 (111) ϭ 3.13, p Ͻ 0.05) but that in the TL-preview condition restricted skipping rates did not differ as a function of target word frequency (ts Ͻ 1, n.s.). The pattern of effects observed for restricted skipping rates corroborates the pattern observed for raw skipping rates. 3 The statistical significance of the skipping cost was further assessed using linear mixed effects (lme) modeling (Baayen, Davidson & Bates, 2008) , as calculated by the lmer4 package in R (R Development Core Team, 2011). In a model with random intercepts but not random slopes the effect of skipping on the duration of the preceding single-fixation duration was significant (t ϭ 2.31, with p ϭ .021 as estimated using Monte Carlo Markov Chain (MCMC) sampling). Proponents of lme analyses argue that random slopes should only be included in the model used to test effects if their inclusion leads to significantly better model fit, which was not the case for this analysis. However, it has been argued that omitting random slopes, even when they do not significantly improve model fit, leads to inflation of Type 1 error rates (Barr, Levy, Scheepers, & Tily, under review) because of the potentially problematic assumption that observations in different conditions from the same subject are independent. In an lme model with random slopes the skipping cost was not significant, just as it was not significant in the by-subjects repeated-measures ANOVA which similarly does not assume independence of observations from the same subject. Note. SFD ϭ single fixation duration; FFD ϭ first fixation duration; GZD ϭ gaze duration; HF ϭ high frequency; LF ϭ low frequency; TL ϭ transposed-letter string. Standard deviations (ms) are shown in parentheses. Figure 1 . Proportion of trials on which the target word was skipped during first-pass reading, as a function of preview type and word frequency. This document is copyrighted by the American Psychological Association or one of its allied publishers.
it may be due to difficulties measuring the duration of an infrequent event (fixations prior to skips). Reading times on target word. Table 4 shows reading times on the target word as a function of word frequency and preview type. For all three first-pass reading-time measures, times were shorter for high-frequency, as compared with low-frequency target words: SFD, F 1 (1, 23) Reading times on word after target. Table 5 shows the firstpass reading times on the word immediately after the target word, selected for those trials where first-pass reading of the target was followed by a saccade to that word. Previous studies have shown that the ease of processing a word is modulated by the ease of processing the previous word on the immediately preceding fixation, a finding that has been interpreted as indicating that more time was available for parafoveal processing of the word during the preceding fixation on an easily recognized word (Kennison & Clifton, 1995; Rayner & Duffy, 1986) . This spillover effect of word frequency was significant for the first-pass reading time measures in the subject analysis: SFD, F 1 (1, 23) ϭ 7.27, p Ͻ .05, FFD, F 1 (1, 23) ϭ 5.69, p Ͻ .05, and GZD, F 1 (1, 23) ϭ 11.09, p Ͻ .01, but only significant for SFD in the item analysis: SFD, F 2 (1, 23) ϭ 4.19, p Ͻ .05; FFD, F 2 (1, 23) ϭ 1.84, p ϭ .18; and GZD, F 2 (1, 23) ϭ 1.43, p ϭ .24. Preview type did not have a significant spillover effect on any reading time measure (all Fs Ͻ 1) nor did it interact significantly with word frequency (all Fs Ͻ 1).
Discussion
The central finding of Experiment 1 was that higher skipping rates were observed for high-frequency, as compared with lowfrequency words, when there was full preview of the target word, but that this frequency effect on skipping was not observed when preview consisted of a TL nonword generated from the target word. This finding is consistent with models of reading in which the critical link between language-based (cognitive) processes and oculomotor processes consists of an implicit lexical decision that a letter string will be recognized as a word . It is not consistent with models in which language-based skipping amounts to an educated guess based on partial word recognition (Brysbaert & Vitu, 1998) . The experiment showed that the effect of the lexical status of the preview string interacted with ease of recognizing the target word to affect skipping rates in the same way for word frequency as it has been found to do for word repetition (Gordon et al., in press ).
There is some evidence that target words that are predictable from context or have higher-frequency neighbor words may be misperceived during normal sentence reading (Drieghe, Rayner, & Pollatsek, 2005; Slattery, 2009) . The results of Experiment 1 showed no evidence that word frequency contributes to the misperception of the letter string in parafoveal preview. If the baseword activation of a TL nonword string is modulated by the frequency of the base word (O'Conner & Foster, 1981) , then skipping rates for TL nonwords with high-frequency base words should have been greater than skipping rates for TL nonwords with low-frequency base words. Instead, Experiment 1 found no difference between skipping rates for TL nonwords with high-and low-frequency base words.
Experiment 2
This experiment further examines how the ease of processing lexical information in parafoveal preview affects the targeting of eye movements during reading. As in Experiment 1 and in Gordon et al. 4 Two later measures of reading time -regression-path duration and total reading time -were also calculated. Regression-path duration is defined as the sum of the duration of all fixations from the time when the eyes first fixate on a word until the eyes move beyond the word given that the eyes have not progressed beyond the word. Total time is the sum of the duration of all fixations on a word. Reading times were shorter for high-frequency target words as compared to low-frequency target words on both measures: regression-path duration, F 1 (1, 23) ϭ 16.68, p Ͻ 0.001, F 2 (1, 111) ϭ 15.95, p Ͻ 0.001, and total time F 1 (1, 23) ϭ 33.79, p Ͻ 0.001, F 2 (1, 111) ϭ 13.79, p Ͻ 0.001. In addition, there was a significant main effect of preview type (significant in regression-path duration and marginally significant in total time), showing shorter fixation duration for the full preview, as compared with the TL preview: regression-path duration, F 1 (1, 23) ϭ 8.83, p Ͻ 0.01, F 2 (1, 111) ϭ 4.43, p Ͻ 0.05, and total time, F 1 (1, 23) ϭ 3.73, p ϭ 0.066, F 2 (1, 111) ϭ 3.15, p ϭ 0.07. In contrast, there were no suggestions of interactions between word frequency and preview type (Fs Ͻ 1). This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
(in press), this experiment manipulates both the ease of lexical processing of a target word and whether there is full parafoveal preview of the target word or preview of a highly similar TL letter string derived from the target word. Unlike those two experiments, the target words in this experiment were selected so that transposing two wordinternal letters produced a word rather than a nonword, as in the pairs The TL words have been used to study lexical confusability, orthographic coding, and neighborhood effects (Acha & Perea, 2008; Chambers, 1979; Johnson, 2009) ; they are fairly rare in English but occur more frequently in some other languages (Duñabeitia, Molinaro, Laka, Estévez, & Carreiras, 2009). In a boundary study, Johnson and Dunne (2012) found that TL words caused greater parafoveal preview benefit on the target word than did SL words or SL nonwords; they did not manipulate the ease of recognizing the parafoveal letter strings, nor did they report skipping rates.
In this experiment, the ease of lexical processing of the target word was manipulated by repetition, as was done by Gordon et al. (in press) . A target word (e.g., scared) could be presented following an earlier presentation of the same word, or following an earlier presentation of a synonym of the target word (e.g., afraid; see 2a-2d). The results of Gordon et al. predict that with full preview, higher skipping rates should be observed when the target word is repeated rather than new, with such a finding showing that lexical repetition effects on skipping are not limited to proper names. However, the idea that language-based skipping involves an implicit lexical decision predicts that with TL preview, repetition will also increase skipping rates in the current experiment because it uses TL words rather than the TL nonwords used in Gordon et al. (and in Experiment 1) . More specifically, in the repeated condition the first occurrence of the target word (e.g., scared) should facilitate recognition of the TL word in parafoveal preview (e.g., sacred), given the substantial priming that occurs between TL letter strings. In the experiments with TL nonword preview strings, such priming would not support the decision that the string in parafoveal preview is likely to be recognized as a word, but with TL word preview, this priming should facilitate the decision that the string in parafoveal preview is likely to be recognized as a word.
An additional prediction arises from a practical constraint on designing and implementing the experiment. English has a very limited set of TL word pairs, and most of them show a very substantial imbalance in the frequency of the words in a pair (e.g., calm is much more frequent than clam). Because it is very difficult to construct natural-sounding sentences that have two occurrences of a low-frequency word such as clam, all stimulus sentences were written using the high-frequency member of the pair as the target word, with the low-frequency member used as the TL word preview string. Accordingly, a higher rate of skipping is predicted for the full preview condition, as compared with the TL preview condition, irrespective of the repetition manipulation, because skipping rates are greater when the letter string in parafoveal preview is a high-frequency word, as compared with when it is a low-frequency word (Rayner, Ashby, Pollatsek, & Reichle, 2004; Rayner & Fisher, 1996; Rayner & Raney, 1996; White, 2008 ; Experiment 1).
Finally, the idea that language-based (cognitive) processing is linked to forward saccades through an implicit lexical decision specifies a level of word recognition that does not include integrating the meaning of the word into the overall meaning of the sentence. All of the sentences used in this experiment become semantically anomalous if the TL word is substituted for the target word (see 2a-2d). Accordingly, when skipping is based on the TL word in parafoveal preview, there should be some downstream disruption of comprehension because the meaning of the TL word is anomalous in relation to the sentence meaning.
Method
Participants. Forty undergraduates at the University of North Carolina at Chapel Hill participated for course credit. All were native English speakers with normal or corrected-to-normal vision and were naïve about the goals of the experiment.
Materials and design. Forty target words that have a TL neighbor word were selected from materials presented in Johnson (2009); Andrews (1996) , and Chambers (1979) . Length of target words ranged from 3-to 7-letter words, with 85% of the target words having 4 or 5 letters. Forty control prime words for the New condition were selected from the CELEX English word-form corpus (Baayen et al., 1995) ; their average frequency and length did not differ from those of the target words (word frequency: 49 per million (Repeated) vs. Forty-nine per million (New), word length: 4.7 letters (Repeated) versus 5.1 letters (New), ts Ͻ 1).
As seen in 2a-2d, prime and target pairs were inserted into identical sentence frames with manipulation of the prime determining whether the target occurred in the repeated condition, where the prime and target word were the same (calm and calm), or the new condition, where the prime differed from the target, but was semantically similar (quiet and calm). The target word was presented either with full preview, where the preview string was identical to the target word (calm as the preview of calm) or with transposed letter (TL) preview, where the preview string was created by transposing two consecutive internal letters of the target word (clam as the preview of calm). The higher-frequency member of the TL pair (calm) was used as the target word in every sentence frame. Four counterbalanced lists of 40 sentence frames were generated, based on the four experimental conditions (repetition by preview type), with equal numbers of subjects tested on each counterbalanced list. A complete list of the experimental materials is given in Appendix 2. After four practice trials, subjects read the experimental sentences along with 80 filler sentences in a pseudorandom order.
Procedure. The procedure of the Experiment 2 was exactly the same as that of Experiment 1. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Results
Analysis of eye movements. Procedures for analysis of the eye tracks followed those of Experiment 1, with the restrictions leading to exclusion of 7.6% of the data points.
Target-word skipping. As seen in Figure 2 , skipping rates were higher in the repeated condition, where the target was also the prime, than in the new condition, where the target differed from the prime, F 1 (1, 39) ϭ 6.89, p Ͻ .05, F 2 (1, 39) ϭ 4.73, p Ͻ .05. Skipping rates were also higher in the full preview condition, where the higher-frequency target word was seen in the parafovea, than in the TL preview condition, where the lower-frequency TL word was seen in preview, F 1 (1, 39) ϭ 29.97, p Ͻ .001, F 2 (1, 39) ϭ 19.6, p Ͻ .001. The effects of repetition and preview type were additive, with no evidence of an interaction (Fs Ͻ 1).
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It should also be noted that higher overall skipping rates were observed in Experiment 2 than for previewed words in Experiment 1 (19.6% vs. 11.6%, t(66) ϭ 2.47, p Ͻ .05). We believe that this difference occurred because the TL neighbor pairs used as target words in Experiment 2 were shorter than the targets used in Experiment 1, average of 4.7 vs. 5, t(158) ϭ 4.18, p Ͻ .001. Greater skipping of short versus long words is a well-established finding in studies of reading (e.g., Brysbaert et al., 2005; Rayner, 1998; ) and constitutes basic evidence about oculomotor contributions to eye-movement control during reading as described by a range of theories (e.g., EOVP, Brysbaert & Vitu, 1998; EZ Reader, Reichle, et al., 1998) .
Reading times on word preceding target. Table 6 shows mean first-pass reading times on the word preceding the target word. There were no main effects or interactions of experimental factors (word repetition and preview type). The absence of such effects is consistent with the view that processing of the currently fixated word is not influenced by the word in parafoveal preview (i.e., no parafoveal-on-foveal effects, Rayner et al., 2003; cf. Kennedy & Pynte, 2005) . In addition, there was a numerical trend for single-fixation durations on the word preceding the target to be longer when the target word was subsequently skipped than when it was subsequently fixated, F 1 (1, 39) ϭ 2.74, p ϭ .106, F 2 (1, 39) ϭ 2.41, p ϭ .128.
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Reading times on target word. Table 7 shows reading times on the target word as a function of word repetition and preview type. Reading times were shorter for repeated target words as compared to new target words on first-pass measures: GZD, F 1 (1, 39) ϭ 4.23, p Ͻ .05, F 2 (1, 39) ϭ 5.74, p Ͻ .05; FFD, F 1 (1, 39) ϭ 6.86, p Ͻ .05, F 2 (1, 39) ϭ 7.1, p Ͻ .05; and SFD, F 1 (1, 39) ϭ 3.08, p ϭ .087, F 2 (1, 39) ϭ 4.68, p Ͻ .05. In addition, GZD showed shorter times for target words seen with full preview, as compared with target words seen with TL preview, a pattern that was significant in the subject analysis and marginally so in the item analysis, F 1 (1, 39) ϭ 4.59, p Ͻ .05, F 2 (1, 39) ϭ 3.9, p ϭ .055. FFD and SFD showed a trend toward shorter fixation durations in full preview than in TL preview: FFD, F 1 (1, 39) ϭ 2.68, p ϭ .11, F 2 (1, 39) ϭ 1.73, p ϭ .196, and SFD, F 1 (1, 39) ϭ 1.64, p ϭ .207, F 2 (1, 39) ϭ 2.92, p ϭ .095. Finally, there was no interaction effect between word repetition and preview type (all Fs Ͻ1, ns).
7

Consequences of skipping different preview types.
Regression-path duration on the word following the target was used as a measure of whether skipping the target word on the basis of a TL word in parafoveal preview disrupts downstream processing, as compared with skipping it with full parafoveal preview. Disruption would be expected if the TL preview word is recognized accurately (e.g., clam is recognized as clam) because the TL preview words are anomalous in the context of the sentence, but would not be expected if the TL preview word is mistakenly recognized as the target word (e.g., clam is recognized as calm), because this leads to no difference in meaning, as compared with full preview (e.g., calm is recognized as calm). Regression-path 5 As in Experiment 1, supplementary analyses of restricted skipping rates showed the same statistical pattern found for raw skipping, a main effect of repetition, F 1 (1, 39) ϭ 11.03, p Ͻ 0.05; F 2 (1, 39) ϭ 8.47, p Ͻ 0.05 and of preview type, F 1 (1, 39) ϭ 34.12, p Ͻ 0.001; F 2 (1, 39) ϭ 14.33, p Ͻ 0.001, with no interaction between these factors (Fs Ͻ 1). The main effect of repetition was significant in both the full preview (t 1 (39) ϭ 2.49, p Ͻ 0.05; t 2 (39) ϭ 2.4, p Ͻ 0.05) and the TL preview (t 1 (39) ϭ 2.73, p Ͻ 0.05; t 2 (39) ϭ 2.25, p Ͻ 0.05).
6 As in Experiment 1, the statistical significance of the skipping cost was assessed further using lme models. In the random-intercept model the skipping penalty fell short of significance (t ϭ 1.61, p ϭ .11 as estimated using MCMC sampling).
7 Reading-time measures of later processing were shorter for repeated target words as compared with new target words on both measures: regression-path duration, F 1 (1, 39) ϭ 14.58, p Ͻ 0.05, F 2 (1, 39) ϭ 11.9, p Ͻ 0.05, and total time, F 1 (1, 39) ϭ 6.32, p Ͻ 0.05, F 2 (1, 39) ϭ 9.96, p Ͻ 0.05. In addition, there was a significant main effect of preview type (significant in total time and numerical trend in regression path duration), showing shorter fixation duration for the full preview, as compared with the TL preview: regression-path duration, F 1 (1, 39) ϭ 2.17, p ϭ 0.149, F 2 (1, 39) ϭ 2.38, p ϭ 0.131, and total time, F 1 (1, 39) ϭ 3.08, p ϭ 0.087, F 2 (1, 39) ϭ 5.49, p Ͻ 0.05. In contrast, there were no suggestions of interactions between word frequency and preview type (Fs Ͻ 1, ns). (64) 247 (60) 246 (44) Note. Standard deviations (ms) are shown in parentheses.
Figure 2. Proportion of trials on which the target word was skipped during first-pass reading, broken down by preview type and word repetition. This document is copyrighted by the American Psychological Association or one of its allied publishers.
duration captures two possible manifestations of such a disruption: increased processing time on the word after the target as might occur from trying to process the semantic anomaly and regression back to the target word as a check on whether it was accurately recognized. Of course, when the eyes cross the invisible boundary, the preview string is replaced by the target word so if the reader executes a regressive saccade back to the target word or simply switches attention back to it, the TL word preview string will have been replaced by the target and therefore cannot be a further cause of processing difficulty. Regression-path duration on the word following the target word was longer following skips of the TL word preview string (480 ms) than following skips of the full word preview string (304 ms), F 1 (1, 29) ϭ 7.99, p Ͻ .01, F 2 (1, 38) ϭ 7.94, p Ͻ .01. This difference supports the conclusion that accurate recognition of the TL word preview strings contributed to the processes controlling eye movement targeting during reading.
Discussion
The skipping results of Experiment 2 are very clear, showing that skipping rates were higher for targets with full preview (highfrequency words), as compared with those with TL preview (lowfrequency words) and for repeated, as compared with new targets, with no indication of an interaction between the repetition and preview manipulations. This pattern corroborates and extends findings on how word frequency and repetition affect the use of parafoveal information to prompt word skipping.
The finding that higher skipping rates occurred for full preview as compared to TL word preview is consistent with the finding from Experiment 1, and from many other studies Rayner & Fisher, 1996; Rayner & Raney, 1996; White, 2008) , showing that the incidence of skipping is greater when the word in parafoveal preview is high frequency rather than low frequency. Because of constraints on constructing stimulus materials, the target words in this experiment were always the highfrequency members of the TL word pairs (e.g., scared from the pair scared-sacred), and for this reason the full preview word was always higher frequency than the TL preview word. Higher frequency increases the chance that the word in parafoveal preview is recognized and can be skipped.
The finding that higher skipping occurred in the repeated, as compared with the new condition provides important new evidence that the level of processing associated with language-based skipping involves an implicit lexical decision. Target-word repetition led to greater skipping in the full-preview condition, a result that extends those of Gordon et al. (in press) from proper names to content words. More importantly, target-word repetition also led to increased skipping in the TL preview condition, where the parafoveal string was a different word made by transposing two letters of the target word. This is an example of priming within a TL pair leading to facilitation in recognition. This pattern was not seen in Gordon et al. (in press) when the TL preview string was a nonword (e.g., Herman did not prime Hreman in a way that led to increased skipping). A crucial difference is that in the current experiment the TL preview string was an actual English word, so priming would assist in providing an affirmative answer in an implicit lexical decision.
Finally, the finding that downstream processing was disrupted after skipping of a TL-as compared to a full-word preview string-supports two conclusions about the relationship between word recognition and eye-movement control mechanisms during reading. First, it indicates that the implicit lexical decision underlying language-based skipping is part of a process that leads to accurate recognition of the word in parafoveal preview. Mistaken recognition of the TL word as the target (e.g., misperceiving the TL preview word clam as the target word calm) would provide no basis for greater processing difficulty, as compared with skipping a fully previewed target word. Second, it indicates that the recognition process underlying this implicit lexical decision is at least partially insensitive to how the meaning of a word fits with the meaning of the sentence, a conclusion that is also supported by eye-tracking findings showing that target words, whose meanings are implausible in sentence context do not affect first-pass measures of early word processing, but do affect downstream measures that reflect later processing (Rayner, Warren, Juhasz, & Liversedge, 2004 ).
General Discussion
The principal results of this paper concern the manner in which ease of lexical access affects first-pass skipping rates, a measure that has been central in determining how lexical and oculomotor processes are coordinated during reading. Experiment 1 showed that with full parafoveal preview greater skipping occurred for high-frequency target words (e.g., north) than for low-frequency target words (e.g., blink), a finding that is consistent with earlier research (Rayner & Fisher, 1996; Rayner & Raney, 1996; White, 2008) . However, the frequency of the target word had no effect on skipping when parafoveal preview contained a TL nonword generated by transposing the position of two word-internal letters in the target word (e.g., nroth for high-frequency targets and bilnk for low-frequency targets). This interaction between preview type and word frequency generalizes findings by Gordon et al. (in press ), which showed an interaction between preview type and repetition priming, a factor that like frequency affects ease of lexical access. Additionally, Experiment 1 showed that this interaction occurs for content words, as well as for the proper name targets studied by Gordon et al. Together, these results support the idea, presented in EZ Reader and related models (Reichle et al., 1998; , that language-based skipping during reading involves determination that full lexical identification of the letter string in parafoveal preview is imminent. Experiment 2 showed that repetition priming by within-sentence primetarget pairs increases skipping rates for target words presented with full parafoveal preview (e.g., the preview word scared was skipped more often when scared rather than afraid appeared earlier in the sentence) and also for target words presented as TL neighbor words in parafoveal preview (e.g., the preview word sacred was skipped more This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
often when scared rather than afraid appeared earlier in the sentence). Again, this pattern is consistent with the idea that language-based skipping involves a determination that lexical identification of the parafoveal string is imminent by showing that within-sentence TL priming facilitates this process for TL word preview strings in contrast to the TL nonword preview strings studied by Gordon et al. Finally, Experiment 2 showed that processing was delayed following skips of TL word preview strings, as compared with skips of full word preview strings, as would be expected given that the TL word preview string was semantically anomalous in the context of the sentence. The results of Experiments 1 and 2, and of Gordon et al. (in press) , support the idea that that implicit lexical decisions by wordrecognition processes initiate motor processes that lead to the execution of saccades. This decision is characterized as implicit on the supposition that readers are unlikely to be aware of very-rapid, lowlevel processes that support reading comprehension. This decision is characterized as lexical because it is sensitive to the difference between words and highly similar TL nonwords, but is insensitive to the fit of the meaning of the word within the overall meaning of the sentence, with the anomalous meaning of a TL word affecting processing only after that word was skipped.
With respect to current models of eye-movement control during reading, this implicit lexical decision maps best onto the first of two stages of lexical processing (L1 and L2) in the EZ Reader model Reichle et al., 1998) . In this model, completion of L1 requires a familiarity check indicating that word recognition is imminent and it triggers motor programming for the upcoming saccade. Completion of L2 requires deeper lexical processing of the word and is followed by an attention shift to the letter string in the parafovea. In order for a parafoveal string to be skipped, L2 must be completed for the fixated string (Word n ) and L1 must be completed for the parafoveal string (Word n ϩ 1 ) with sufficient time to cancel the saccade toward Word n ϩ 1 that was initiated after completion of L1 for Word n . The absence of an affirmative answer to an implicit lexical decision about the parafoveal letter string, created in this study and in Gordon et al. (in press) through the presentation of TL nonwords in the parafovea, would block completion of L1 on the parafoveal string and therefore preclude language-based, or recognition-based, skipping.
Conclusion
Patterns of skipping are particularly informative about the nature of reading because they are the only measure showing language effects on the targeting of first-pass saccades rather than on the duration of fixations. While skips occur for only a fraction of words, a range of theoretical perspectives attributes them to the same mechanisms that determine the characteristics of fixations directly on words (e.g., Brysbaert & Vitu, 1998; Engbert et al., 2005; , mechanisms that reflect the ease with which words are recognized, the abilities and limitations of the oculomotor system and the nature of the coordination between lexical and oculomotor processes. The current results and those of Gordon et al. (in press) support serial-attention shifting models of this coordination and further support the idea that the eyes are driven forward by word recognition processes that rapidly and accurately determine lexical status. Looking at the color of the distinctive [pnada/panda] panda it is easy to see why they are so adored.
Julie and Victor took pictures at the highest [piont/point] point of elevation on the mountain.
(Appendices continue)
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This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. The petite woman held on to the strong [laesh/leash] leash as the dog chased squirrels.
The lazy student's answers were mostly [worng/wrong] wrong because he was never prepared.
The evil general's plan aimed to secretly [tiant/taint] taint the enemy's drinking water.
